INSTRUCTIONS
The technology of high-pressure water jet can be widely used in various fields. As a cutting tool, it doesn't generate excessive heat to make a difference in the organizational structure of the material. The gap and deformation of the incision are small. It has better cutting quality than traditional cutting methods and can be used to cut material with ultrahigh hardness [1] [2] . As a cleaning tool, its operation and control are easy to automate. Compared with traditional cleaning methods, it has lower cost and no secondary pollution to the environment. Especially, it has better applicability for cleaning pipes, boilers and other harsh environment [3] . It has unique advantages in polishing [4] and peening [5] too.
In recent years, the technology of high-pressure water jet has developed rapidly. In the cleaning field, most research focused on the performance of highpressure water jet device [6] [7] , the parameters of jet [8] [9] and other aspects. However, it didn't pay enough attention to the study on the extent of damage to the matrix during cleaning. The purposes of industrial cleaning is to wash the dirt on the workpiece, such as oil, rust, paint and so on, without damage. And it can meet the needs for remanufacturing. If the impact force for cleaning is not strong enough, it is bound to affect the cleaning results or consume more resources. If he impact force for cleaning is too strong, it will damage the surface quality of the workpiece and affect the precision fit. If so, the workpiece cannot meet the requirements for remanufacturing. Therefore, it is necessary to research the matrix damage of highpressure water jet cleaning to workpiece.
Experimental methods are used to analyse the matrix damage of the workpiece under the action of high-pressure water jet. The rated flow of the water jet device is 0.874m3/h. The diameter of the cylindrical nozzle is 2mm and the pressure can reach 30MPa. The device can deal with a variety of cleaning conditions. For further research, white light interferometer was used to measure the change of surface roughness and observe the morphology of the surface damage. Besides, it can study the extent of matrix damage quantitatively so that we can optimize the process of water jet cleaning. ABSTRACT: The impact on the surface, such as damage, must be considered when cleaning the workpiece by high-pressure water jet. If the impact force for cleaning is too strong, it will damage the surface quality of the workpiece. And it will have a negative impact on the precision fit, so that the workpiece can't meet the requirements for remanufacturing. In this article, select the 45 steel and H13 steel as the experiment materials, which have different hardness. Before and after cleaned by high-pressure water jet, both the surface roughness are measured by white light interferometer and the change is got. After cleaning, the morphology of the surface damage is also observed. The results show that the change of surface quality has nothing to do with the initial surface quality, and it is only influenced by the impact parameter of water jet. The impact of water jet will damage the surface, producing special holes which are smooth in the center and gradually alteration as concave-convex-concave along the radial direction.
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four rectangular specimens marked with 1, 2, 3, 4 and the dimension is 50mm×50mm×10mm. The Rockwell hardness of material is HRC21. 3 EXPERIMENTAL SCHEME Use the water jet to impact the 45 steel and H13 steel, whose roughness has been measured, in turn. Set the target distance as 100mm and pressure as 30MPa. Clean the 45 steel for 1min and the H13 steel for 2min. Just after finishing the cleaning of the eight specimens, use the white light interferometer to measure each surface roughness again. Still measure in 20 different areas and record the average value in table 3 and table 4 . 
ANALYSIS OF SURFACE ROUGHNESS CHANGES
Turn the data in table 3 and table 4 into line chats, shown in figure 1 and figure 2 .
From these two figures, we can see that the two kinds of specimens before and after cleaning have the similar trend of surface roughness changes. Their surface both becomes rougher. Although the specimen of 45 steel has smaller hardness, but it has a bigger roughness change than the specimen of H13 steel in a shorter cleaning time. It shows that with a higher hardness, the surface of the material has a better ability to withstand impact of water jet. In addition, although the specimens of the same material have different initial surface quality, but they will have similar amount of change after cleaning in the impact of the water jet with the same parameters. It describes that in the same environment of water jet impingement, the initial surface quality has nothing to do with the degree of change in surface quality. 
OBSERVATION ON MICRO MORPHOLOGY OF DAMAGES
After the experiment, an increase was found in the surface roughness. It is the water jet that cause the damage. Using the white light interferometer to observe the specimen of 45 steel after cleaning more carefully, we find special holes shown in figure 3 , a range of 467µm× 624µm. Moreover the figure (a) shows the image observed directly, and the figure (b) shows the image having been marked the relative height of the surface. After observation, the distribution of these holes is random. It is because the jet becomes uneven due to the intrusion of air. The surface strength of the specimen isn't uniform too. And the holes will appear when the stronger water jet hits the weaker surface. This is the one of the main reasons why the surface quality of the specimen becomes bad. The diameter of the three holes shown in figure 3 is about 200µm. Through observation, we find that they are not simple pits. But it is hard to observe their specific morphology directly, so we decide to conduct a cross-sectional observation at the place marked black line (abscissa 350µm) in figure 3(b) . Then mark the value of surface height in black line, shown in figure 4. In figure 4 , the abscissa corresponds to the ordinate in figure 3(b) and the ordinate represents the surface height. The hole is at the abscissa of 25 to 215µm, and the symmetry line of the hole is approximately at the abscissa of 120µm. The distribution of surface height along the radial direction (from 120 to 215µm) is as follows.
The surface height at 120-135µm is about 0.5µm, relatively flat.
The surface height at 135-150µm is between -2 and 0.5µm, surface depression.
The surface height at 150-180µm is between 0.5 and 3µm, surface protrusions.
The surface height at 120-135µm is between -2 and 0.5µm, surface depression.
In summary, under the effect of high-pressure water jet, the surface of specimen will suffer from impact and compression. And this will lead to the changes of the surface height, cause plastic deformation and produce holes. The holes are substantially symmetrical, smooth in the center and gradually alteration as concave-convex-concave along the radial direction. This form of holes makes the surface quality worse and it will influence the subsequent performance of the workpiece.
CONCLUSION
Through the cleaning of the steel by high-pressure water jet with specific parameters, obtain the following results:
After the workpiece cleaned by high-pressure water jet, its surface roughness get bigger and surface quality become worse.
The hardness of material has an important effect on the ability of the surface to withstand impact of high-pressure water jet. Smaller the hardness is, more easily the surface is influenced. The different workpiece of the same material has the similar amount of change after water jet cleaning. It proves that the initial surface quality has nothing to do with the degree of change in surface quality, which is only influenced by the environment of water jet impingement.
The impact of water jet causes surface damage of the workpiece and produce holes with a special shape. This form of holes is substantially symmetrical, smooth in the center and gradually alteration as concave-convex-concave along the radial direction. The appearance of holes is one of the reasons why the surface quality becomes worse.
